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I5N-lH heteronudear multiplequantum correlation spectroscopy (HMQC) ( I ,  2) 
is a useful technique for facilitating the sequential assignment of proteins with 'H 
NMR spectra that are too complex for andysis by conventional homonuclear experi- 
ments aIone (3 ,4 ) .  The '%L'H HMQC experiment is particularly useful for the study 
of proteins in the molacular weight range 10-20 kDa since the transfer of magnetiza- 
tion between an amide proton and its coupled "N partner pr& via a s a  cou- 
pling constant that is much larger than typical '€3 linewidths (5). Moreover, as has 
ken discussed previously, heteronuclear multiplequantum relaxation time con- 
stants are independent of the large "N-'H dipolar interaction (6), to a firsborder 
approximation, and hence tend to be longer than the corresponding amide proton 
transverse relaxation times. Tnis may be particularly important for applications to 
proteins with molecular weights in excess of 15-20 kDa where short transverse relax- 
ation t i m q  and not multiple-bond homonuclear and heteronuclear scalar couplings 
or digitization, wilI determine spectral resolution. The HMQC experiment is most 
efficiently carried out on molecules uniformly labeled With I5N, a relatively simple 
and inexpensive process for cloned proteins that are expressed in a microorganism 
(5, 0. 

Despite the substantiaI chemical-shifidispersion in both the "PI and the 'R dirnen- 
sions of the I5N-'H HMQC spectrum, some resonance overlap is present neverthe- 
Iess, especially for application to proteins with rnolecuhr weights in excess of 10 kDa. 
In addition, the presence of both NH and NH, resonances can complicate spectral 
interpretation. In this Note, a simple scheme for the separation ofNH and NH2 reso- 
nances in HMQC spectra is described, which simplifies the spectra. 

Figure l a  illustrates the conventional HMQC pulse sequence for recording I5N- 
'H correlated spectra in water. Figures 1 b and 1 c indicate the pulse schema that are 
employed to separate NH and NH2 resonances. In all cases the carrier is positioned 
in the center ofthe NH region, necessitating the use of an off-resonance water presatu- 
ration scheme (8, 9). Separation of and NH2 moieties is achieved by exploiting 
the fact that isolated NH resonances are not modulated by the I5N-'H scalar coupling 
during multiplequantum evolution. In contrast, for NH2 groups the scalar coupking 
between the I5N spin and the 'H spin that does not participate in the multiple-quan- 
turn transition (passive spin) results in a modulation of the multiplequantum signal 
(IO}. T h i s  modulation af the evolution of the NH muItiple-quanturn coherenm pro- 
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FIG. 1. (a) The conventional pulse scheme used to record I5N-'H HMQC exprimen& (b, c)the scheme 
used to separate NA from NHI resonances in an j5N-'H correlation map. The phase cycling employed i s  

2(y), 2(-x), 2(x), 2h), 2(-y), with data for odd and even numbed sans St~rsd separately. The phase of 
the receiver is inverted every I6 scans. To rnlnimize relaxation losses, the value of A is set to 4.5 ms, slightly 
less than 1/(2JNH). The value of 7 is set to !/(2JNB) so that 'H magnetization from NHI monanca i s  
inverted relative to 'H magnetization from NH resonances. The d l r z  of 7' is set to I/{-$&) so that 
sequences b and c have'the Same duration. To minimize data storage space, the carrier is positioned in the 
center of the amide resonances and an off-resonance DANTE-type water suppression scheme (8, 9) i s  
employed. Depending on the spxtrorneter oonventian, the phases of the off-resonance presaturation pulses 
may have to be (x, y ,  -x, -y) or (x, -y, -x, y). 

ZIS fOllOwS: 4 I 4(~), 4Cy), 4 ( - ~ ) ,  4 ( - ~ ) ;  42 = X, .v, -x, -Y; &3 = I ~ ( x ) ,  16(-~); ACQ -i 2 ( ~ ) , 2 ( - ~ ) ,  2(-~'), 

weds in a manner completely analogous to t h e  modulation of transverse magnetiza- 
tion in a homonuclear two-spin system, caused by the scalar coupling between the 
two spins. Therefore, by setting T = 1/(2JN-H) - 5.8 ms in the sequence of Fig. lb, 
cross peaks associated with NH2 resonances will have opposite phase relative to cross 
peaks correlating "N and 'H shifts from MH resonances. The sequence indicated in 
Fig. 1 c refocuses the effects of the scalar modulation of the multipIe-quantum coher- 
ence so that cross peaks associated with both NH and NH2 resonances have the same 
phase. The value of 7' is set to 1/(4 in this case so that reIaxation effects during 
the multiplequantum pe!Aods in both sequences are identical. Subtraction of the 
spectra generated from the sequences of Figs. lb and IC generates an '%-'€I correla- 
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FIG. 2. (A) The 500 MHz 'SN-'H HMQC correlation spectrum of S. Nase remrcld at 37°C with the 
sequence of FG la. In (B) and (C) are shown "N-*H maps ofNH correlations (B) and NH, correlations 
(C) obtained by adding and subtradng the spectra secorded with the sequences ofFigs. I b and IC, r a p  
tively; 160 t ,  increments were obtained for each spsctrurn with 256 scans per t l  point. The spectra w e  
recorded on a modified NT 500 MHz spectrometer. Several of the NH correlations in (A) that decrease in 
intensity or have disappeared in (B) are indicated with arrows. 
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tion map displaying NH2 resonances only, while addition of the spectra prducm a 
map of the NH resonances. 

Figure 2A presents a regular HMQC 15N-'H correlation map ofthe protein staphy- 
Iococcal nuclease (S. Nase) at a concenfmtion of 1.8 M, complexad with pdTp and 
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Caz+ and dissolved in 90% H,O/iO% D2Q at pH 6.5, 37°C. The protein is umformly 
labeled with ISN. Figures 2B and 2C present correlation maps of the NH and M2 
resonances in S. Nase, respectively. Comparison of Figs. 2A and 2B indicates that in 
some cases cross peaks are greatly attenuated in the edited NH spectrum. This is a 
result of the transverse reIaxation that proceeds during the T and # periods in the 
sequences of Figs. 1 b and I c. Several of these correiations are indicated with mows 
in Fig. 2A. These resonances are presumably broadened because of an exchange of 
different conformations of the protein at a rate that is intermediate on the M R  
time scale (1 1) .  As mentioned above, the durations of both sequences lb and 1 c are 
identical, and hence the absolute intensities of spectra recorded with the schemes of 
Figs. lb and le are the same. The difference of these spectra gives, therefore, an NH2 
correlation map with a minimal number of subtraction artifacts. 

Figure 3 presents an expanded plot of the *'W-'H correIa6on map illustrated in 
Fig. 2C. Correlations are observed for approximately half of the NH2 sites in the 
protein. The intensities of these correlations vary SignX~cantIy, suggesting merent 
degrees of mobility, transverse relaxation rates influenced by solvent exchange, or 
two-site chemical exchange caused by 180" degree flips about the C-N bond. 

Several schemes for the separation of resonances from AX, AX2, and AX3 spin 
systems in two-dimensional heteronuclear correlation spectra have been proposed 
based on INEPT (12) or DEPT (13) sequences. The earliest versions of these experi- 
ments involved direct detection of the low y nucleus (14-16). While the sensitivity 
of these experiments is improved by the fact that proton polarization is transferred 
to the heteronuchs, the experiments are still on the order of less sensitive 
than the HMQC expehent ,  where T~ and T~ are the magnetogylic ratios of the 
heteronudeus and the proton, respectively. An alternative editing strategy, based on 
a double transfer of polarization (17), has recently h e n  employed by Wagner and 
co-workers (18). These workers recorded edited heteronuclear experiments using a 
double DEPT editing sequence to separate CH, CHI ,  and CH, resonances. While 
these experiments enjoy increased sensitivity over the earlier experiments, the large 
number of p u k e s  and the overall length ofthe pulse sequence can be prohibitive, 
especially for large molecules with short transverse relaxation times. Moreover, for 
CH2 and NH, spin systems, only one-half of the total proton magnetization returns 
for detection (19). In contrast, the HMQC scheme that we have proposed uses the 
full proton m a g n e h ~ o n  of CH2 and NH2 groups. In addition, the HMQC scheme 
minimizes the number of pulses and the overall length of the sequences. 

In summary, we have presented a s h p k  method for the separation of NH and 
NH2 resonances in a heteronuclear correlation map. This results in a simplification 
of the HMQC spectrum and m e s  as an aid in the assignment of cross peaks. The 
method can, of course, be applied to I3C-'H HMQC experiments as well. 
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